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ABSTRACT

Osteoporosis is a generic term used to describe various bone diseases that result in

fractures of the vertebrae, wrist hip, humerus and tibia. Osteoporosis is common in older

adults, in patients with excess glucocorticoid as in Cushings syndrome or in people treated for

asthma with steroids and in healthy astronauts that are exposed to microgravity for extended

duration. Our studies concentrate on the basic mechanisms that regulate new bone growth and

the relationship of growth to gravity environment. Using Biorack hardware we activated

osteoblast cells to grow in the same microgravity experienced by the crew as well as in an

onboard lg control in order to investigate alterations in bone growth and molecular pattems of

gene expression. Determining how gravity affects growth and gene expression will help us

determine environmental or pharmaceutical changes that would allow normal bone growth

during long term space exploration. We have just published our findings from our experiment

on STS-56 showing that microgravib, interferes with normal osteoblast growth activation and

causes reduced PGE2 synthesis after 5 days. I(_ q" \ \_'_{_, ..c
L
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Effect of Shuttle Launch Profile on Gene Expression- Baseline data

collection for OSTEO The lack of gravity in spaceflight is a key factor in bone loss since the

necessary mechanical strain induced by gravity is missing in 0g. These experiments have

shown that mechanical strain caused by the hypergravitational pull of launch results in the

elevation of c-fos in serum deprived osteoblasts, c-fos is one of the earliest expressed genes

during activation of bone growth. Serum-deprived mouse osteoblastic cells (MC3T3-E1) were

centrifilged in the AMES centrifilge in a gravity profile simttlating a Space Shuttle launch

(maximunl of3g), mRNA levels for 9 genes involved in bone growth and maintenmace were

determined using RT-PCR. 30 minutes after centrifugation the mRNA for early response

gene, c-fos, was significantly increased 89% (P<0.05). The c-fos induction was transient and

returned to control levels alter 3 hours, mRNA for the mineralization marker gene.

osteocalcin, was significantly decreased to 44% of control levels (P<0.005), 3 hours after

centrifugation. No changes in mRNA levels were detected for c-myc, TGFb 1, TGFb2,

cyclophilin A, or actin. In addition, no change in the steady state synthesis of prostaglandin

E2. (PGE:) was d_ected, probably due to lack of lipid substrates in serum deprived cells.

This suggests that at least a portion of the increase in c-fos mRNA in response to

gravitational loading is a direct result of mechanical stimulation.

These results indicate that small magnitude mechanical loading, such as that

experienced during a Shuttle launch, can alter mRNA levels in quiescent osteoblastic cells. This

is probably one of the mechanisms by which exercise augments bone growth

Analysis of the vibrational data launch profile is not yet complete. However. the

preliminary results are showing significant differences in the magnitude ofgene expression and

in the number of _enes activated during vibration when compared to gravity launch profile.

These data strongly suggest that NASA should make every, efibrt to dampen the vibrational

component of launch on biological samples. In addition, with changes in gene expression

occurring as a result of launch, an on onboard lg control becomes critical to proper analysis of

the samples.

STS-76 FLIGHT SAMPLES

RNA RESULTS:

The OSTEO experiment aims to analyze how microgravity effects bone loss by

investigating alterations in select gene expression patterns in the prostaglandin pathway. We are

analyziug key genes responsible for osteoblast growth and homeostasis. Expression patterns

are being analyzed in osteoblasts exposed to microgravity using rtPCR technology. In these

studies we are be able to determine if the microgravi .ty environment can allow nomaal bone

growth and to determine if changes in prostaglandins or their pathway enzymes play a role in

the bone loss seen in spaceflight. The analysis of the samples is currently in progress. We have

collected intact mRNA from the flight (0 and Ig) and ground (GR) samples and we have
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triplicate mRNA samples from our 3, 29 and 54 hour timepoints for all 0g flight samples. The

amount of total RNA collected ranged from 2.4 to 15.3 ug per sample.

We consider our RNA recovery to be 100% successfid since we have a minimum of three

mRNA samples for each timepoint and were able to get statistically significmat data from 0g

flight samples. We have preliminary data on our 9 target genes. Preliminary analysis of the

RNA expression shows significant differences between flight and ground.

Final analysis is still in progress since fimding meant Ibr this phase was diverted to

cover costs tbr the STS-81 flight since NASA withheld moneys due early 1996 tbr the STS-81

flight until late 1996. There is still a lot of ground base work to complete belbre we can make

definitative statements on effects of microgravity and before we publish. We have asked for a

no cost extension for this grant to allow us to finish the studies.

MORPHOLOGY STUDIES:

The OSTEO experiment recovery of the formaldehyde fixed cells is also 100°0

successfid. The off nominal operations during flight did not in any way harm our results or

cause loss of science data. In onc casc, the cells were fixed at t-0 instead of 54 hours, but wc

were able to use this time point Ior our 0 time morphology control. Luckily, the lost sample

was paired with a phmger box with 4 samples, so our statistical data base was not damaged by

the off nominal operations. We are seeing statistical differences in morphology of the cells

grown in microgravi .ty. In the methods section, we show a color plate of these cells, showing

differences in morphology, cell size and nuclear shape and size in the lg and 0g grown

osteoblasts. These data are being prepared in manuscript tbrm for submission for publication.

CHEMICAL ANALYSIS OF MEDIA:

The analysis of the media from the samples is not yet complete, however preliminary

data confirm our previous results on STS-56. With the flight samples using less glucose when

compared to ground samples. Analysis is continuing on this and other media components.

Analysis tbr prostaglandins are finished and we find that the PGEs are increased in flight

samples.

OVERALL ASSESSMENT OF RETRIEVED SAMPLE AND DATA QUALITY:

Excellent results with no conditions compromising samples. For the first time

substantial quantities of RNA have been collected from cells activated and collected during

spaceflight to make statistical observations on gene expression during osteoblast growth

activation in microgravi .t.ty.We are extending our studies to include mRNA analysis of

mineralization (differentiation)of cells in flight. Morphological studies confirm and extent our

prior observations on changes of morphology changes in spaceflight.

3



Hughes-Fulford "_ 415-476-1267 _I0/18/96 (_)3:56PM _5/6

Publications from Laboratory of Cell Growth
1993-1997

1. Hughes-Fulford, M, Growth and Repair of Mineralized Osteoblasts,

Spinal Instability, Holtzman, R., McCormick, P., et.al, eds. Springer-

Verlag, New York, 3-14, 1 993.

in

2. Lin, H.S., Hughes-Fulford, M., Kumegawa, M. and Snowdowne, K.,

Cytoplasmic pH Influences Cytoplasmic Calcium in MC3T3-E1 osteoblast

cells, Journal of Bone and Mineral 8:725-732, 1993.

3. Hughes-Fulford, M. Review of the Biological Effects of

Weightlessness on the Human Endocrine System, Receptor, 3(3):145-

154, 1993.

4. Hughes-Fulford M, and Fukushima M. Control of cell cycle by

metabolites of prostaglandin D2 through a non c-AMP mediated

mechanism, Ufe Science Advances-Experimental and Clinical

Endocrinology 12:57-64, 1993.

5. Lin HS, Hughes-Fulford M, Kumegawa M, and Snowdowne K.

Cytoplasmic pH Influences Cytoplasmic Calcium in MC3T3-E1 osteoblast

cells. J Bone and Miner Res. 8:725-732, 1993.

6. Hughes-Fulford M. G1 Cell Cycle Arrest by dmPGAI: Up-regulation of

c-fos and c-myc oncogene expression without transition into S-Phase. J

Cell Biochem, 54:265-272, 1994

7. Hughes-Fulford, M. and Lewis, M. Effects of Microgravity on

Osteoblast Growth Activation, Experimental Cell Research 24, 103-

109, 1996

8. Leong,J, Hughes-Fulford M. Rakhlin, Habib A Maclouf, J and Goldyne, M.

Cyclooxygenases in Human and Mouse Skin and Cultured Human

Keratinocytes" association of COX-2 expression with Human

Keratinocyte Differentiation Exp Cell Research 224, 79-87, 1996

4



Hughes-Fulford I_ 415-476--1267 1_10/18/96 <2_3:57 PM L_616

9. Fitzgerald, J. and Hughes-Fulford, M. Gravitational Loading of a

Simultated launch alters mRNA expression in osteoblasts, Experimental

Cell Research 228,1 68-1 71, 1996

l O.Tjandrawinata,R., Rajjvir, D and Hughes-Fulford, M. Induction of

cyclooxygenase-2 mRNA by prostaglandin E2, British Journal of Cancer,

IN PRESS, 1997

11.Hughes-Fulford M. Growth regulation and gene expression in

osteoblasts by prostaglandins, Proceedings of the International

Conference on Eicosanoids and other Bioactive Lipids in Cancer,

Inflammation and Radiation Injury, In Press 1997.

12.Hughes-Fulford M Growth Regulation of Gardner's Syndrome

Colorectal Cancer Cells by NSAIDs Proceedings of the International

Conference on Eicosanoids and other Bioactive Lipids in Cancer,

Inflammation and Radiation Injury, In Press. 1997

13.Tjandrawinata, R and Hughes-Fulford,M Upregulation of

Cyclooxygenase 2 by Product, Prostaglandin E2 Proceedings of the
International Conference on Eicosanoids and other Bioactive Lipids in

Cancer, Inflammation and Radiation Injury, In Press. 1997

14.Lewis, ML and Hughes-Fulford, M. Cellular Responses to Microgravity,

Chapter 3, Textbook for the International Space University, ed. Suzanne

Churchill. Harvard University, In Press 1997

5



< CONFIRMATION REPORT >
02-18-1997(TLE) 15:51

NO. DATE TIME DESTINATION PO. DURATION I'E)DE RESULT

37948 2-10 1S: 44 415476126? 6 O" 07' 10" FINE OK

6 0 ° O?' 10"



Huqhes-Fulford "_" 415-476-1267 Bl_10/18196 <_3:52 PM I_1/6

FAX ,.BRIEF
TO: Barrie Caldwell, NASA

FAX: 415 6044646

FROM: Hughes-Fulford

PAGES (INCLUDING COVER): 6

Friday, October 18, 1996

I have noticed that no one has received the entire copy, therefore I have abbreviated the report to 5 pages and am

re-faxing. Please notify me if you do not receive all 5 pages plus cover sheet.

Millie


